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preventing ice formation mwmnwmmmm orator of a
ddXQ Wed/gpeBating in a refri gegabhon cycl e. BACKTRSRIEH24574
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DEVICE AND METHOPFOROPERATEN G IREFRICER ATION ?ﬁ*éﬂﬁi witHOUT
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ssure r i ved condenser
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h, pressure._gas surrenders :

me&‘a"go ﬁE‘Pg%Y ﬁ?ls?sr?gﬂgly ﬂ&"o?‘i‘f”éﬁad {sochereaticplly dapicted g Fig- 1. and,
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cool er than the hot gas entering the
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then é??&lvm P FotdgRserd R qonsess of 2 J@Faé%g?ameahﬁymgrﬁelmyu@m area that
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of tubing that has been folded over-oh Itse
metegipg devits havhirkrfide be asimplgrificeck Gapiliarytube or agherminstatic pkpagsion
valvé, aid Bftich Fbrads! tﬁ@ﬁ’(ﬂlld © Rpadiadle tHEPJb? c§6’lrﬁlﬁﬁi§ {i“fu;e BodMiGRid then

is folded into q(ven vol une of “space.
~ travels to evaporator 4, whlch like the condenser, consists of a 1arge surface area over which

m01sture-conta1mng air can be circulated. The evaporator can be merely a length of tubing that
has been folded over on itself in a serpentine manner as depicted in Fig. 1. Or the tubing can be
flattened to provide more surface area when it is folded into a given volume of spacé. The -
tubing may also have vanes attached to provide more surface area. The evaporator can also be an
interconnected hollow core honeycomb such as the radiator of an antomobile. These and many

other evaporator designs are well-known in the art. In any event, the cool liquid passing through
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tubi ng may al so have vanes attached to provide nore -5 MAR 2007
surface area. The evaporator can al so be an

i nt erconnected hol | ow core honeyconb such as the

radi ator of an autonobile. These and many ot her

evaporator designs are well-known in the art. In any

event, the cool. liquid passing through 5 MAR 2007 WO
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| i K de¥ige devctibed abRyg wrkst Teatonaily Wl of amplinRtiaderppsraites above
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55 F, such as at night or in winter. The problemis 5 MAR 2007
that, as water vapor, which is at about 55 F or
bel ow, is condensed on the evaporator surface of the
device in Fig. 1, it is rapidly cooled further
because the evaporator surface is usually at a
tenperature substantially below 32 F due to the
t her nodynam ¢ characteristics of commonly used
r ¥PPEPRPs and the normal operating 2 - 5 NMRRT/ASYH3/024574
WD 2004/ 013548 PCT/ US2003/ 024574 nodes of such
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Higsongt [ ‘breélgﬁ dfethugds upn the pyapprator SW@_@e bud hetsasigm insulator,
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o elrgigl a{ll ng ‘}.he %alf%{iator surface fromthe _
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t errgcgr'at u?_gs. “Thi s, h vie\i ?rbm tPJl: rgnatﬁi%n{aﬁlré Eté%%fafi%ﬁrﬁd that the device be
Tun s, 0oAh7s Ropsjble po thapth aiy iseoled M ast diese o the freefing peingiatatéras
posiible EiREAME coVBdr&he Lif, MV 1ERGy AR h! Rubdind #eRLELELT €d
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CIPCIASS cloy abaut 5 X%é?ﬂglp\yté%yamtoq isinge dti¢ prgsent invention provides such
adegipace- consum ng, resolution. Wiat is needed is a
devi ce and nethod that perforns a refrigeration cycle,
in particular at tenperatures bel ow about 55 F,
Wi t hout evapor at mn&oﬂmm@ brvention _
pravi.des such a device, SUMVARY i;Iﬂrlrﬁgwl‘/I\I\/EI\I'I'I(]\I The
i n@&ﬂ’%‘f"ﬁl Hieludaea deyicgehat permits sle qreration of 4 fefrigepatioatcyds while
avoidihg evap6iator g8 &t Ainpk fot Wite§ to 2V Ol VRO AL O
S n(gp i ncl udi nkaabut not |i met ed tg&gﬁ&grgh(?ﬁ%fl%%é?g’,wam_
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compred3 S BRIpribiak ah GREt AL hS o dRE a b RELELS i !
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i:g%)l ed &o %he outl et of the conpressor;
coupled t0 the outlet of the condenser; an evaporator, comprising an inlet, an outlet and an

evaporative surface, wherein the evaporator inlet is operatively coupled to the outlet of the
metering means and the outlet of the evaporator is operatively coupled to the inlet of the

compressor; a hot gas bypass means, comprising an inlet, an outlet, an open positiori and a closed
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" means, conprising an inlet and an outlet, wherein the - 5 MAR 2007
inlet of the netering neans is operatively coupled to
the outlet of the condenser; an evaporator, conprising
an inlet, an outlet and an evaporative surface,
wherein the evaporator inlet is operatively coupled to
the outlet of the netering neans and the outl et of
the evaporator is operatively coupled to the inlet of
t B® 2%¥Hp*8ssor; a hot gas bypass neans, conpPLEUSYOHPRes74
inlet, an outl et an open position and a closed 3 5
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e W TR AT —
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of. the device.. - aspect

o i cie. e AP RIRT 108 AHierS R hocalinh 0% (6 GUAPREUIVE SisTagi 208 o the

confrolidrher conpri ses one or

An aspect of this invention is the above device in which the means for detecting the
formation of ice on the evaporative surface comprises one or more third temperature sensing
means coupled to the evaporative surface wherein, if there is more than one, each is coupled to a

different location on the evaporative surface. .



more second tenperature sensing neans coupled to the -g maR 2007

evaporative surface, wherein if there is nore than
one, each is coupled to a different |ocation on the
evaporative surface, and to the controller. An aspect
of this invention is the above device in which the
means for detecting the formation of ice on the
eva orative surface conprises one or nore third
PUIE¥E sensing means coupled to the evaBET&PI0§¥024574
surface wherein, if there is nore than one, each is
coTp¢ exdtetiog mearbi cofnprient thepmastatiiexpahsionvaRy ﬁpﬁ{yadflt%eabove
rface. 4 - 5 MAR 2007 WD 2004/013548
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e disposed in the
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Jlgmber; a tenperature sensing bulb
ﬂwt%?%£osed£ %%e i nner space, the tenperature sensing
b ulﬂgmyb)é th@g,b@‘{ﬁsiealcew_éieyngns ply gelsstroeahd eorhgiBed @ $419d inGin aspect of
ﬂﬁsﬁggﬁﬁﬁlon val ve; and, a thermal conpound al so

i sposed in the inner space, the thernmal conpound

beThryvalye comprisesta splendid irhan dspens of thisritrentiand  t he

te f _the above d :
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sensmg g@@ns infdependendy comprists a)ﬂncrrﬂ'dceuplabwaethenmmn ses a

sofgng nve

t ;':])Ii‘s I S\E/}el:l]‘:{} ICo n pﬂs%p g CI' 851‘058@%01‘ n anﬁ’e r}tﬂ? %q)ﬁ%éo‘gealb(i?g m an aspect of
this iguentions, each tenperature- senS|ng nmeans |ndependently
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cont r %ﬁ% oF %g%)nn%%@g E%E%hgé gﬁ %’lg(g%né CRER R auogfy‘fl'ﬁgltho“t 1ce
buildsperethd evdporative surface, agnppuﬁng)lbrovrtlmga cnmp&sztolr Od)mPHMng an inlet and
an o i e???%ven?g I£ gﬂr)]rﬁigl)lls{:é?/ %&&j}x?_ﬂnﬁ% ﬁlepg tdha(r)xdou let w éerélfn%e congenser inlet is
operatively coupled to the outlet of the compressor, prov1dmg a metering means, comprising an

devi

inlet and an outlet, wherein the inlet of the metering means is operatively coupled to the outlet of
the condenser; providing an evaporator, comprising an inlet, an outlet and an evaporative
surface, wherein the evaporator inlet is operatively coupled to the outlet of the metering means
and the outlet of the evaporator is operatively coupled to the inlet of the compressor; providing a
hot gas bypass means, comprising an inlet, an outlet, an open position and a closed position,

Wwherein the hot gas bypass means inlet is operatively coupled to the outlet of the compfessor and



buil d-up on the evaporative surface, conprising -5 MAR 2007
provi di ng a conpressor conprising an inlet and an
outlet; providing a condenser, conprising an inlet and
an outlet, wherein the condenser inlet is operatively
coupled to the outlet of the conpressor; providing a
nmeteri ng neans, conprising an inlet and an outl et,
inlet of the netering neans is operatlve
Wqﬁ% 8§°%§§the outl et of the condenser; provit& ﬁ@mgy&usm
evaporator, conprising an inlet, an outlet and an
the het/gas bypass means ourldt aceperatilely spupledte tievinle 06 fth© Evapbidaic of ® an inlet
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aspectmgg{vgmdnon of ice on the evaporative

In the above method, the hot gas by-pass means comprises a valve in an aspect of this

invention.

In the above method, the valve comprises a solenoid in an aspect of this invention.



surface conprise(s) one or nore frost detectors in -5 MAR 2007

anot her aspect of this invention. In the above nethod,
the neans for detecting the formation of ice on the
evaporative surface conprise(s) one or nore first
tenperature sensing neans coupled to one or nore work-
| oad tenperature sensitive sub-assenbly(ies) of t he
deyy further aspect of this invention. th
a%givzg&/dl%ﬁ? each tenperature sensing means ESFFHF%"%‘%?“S”
a therrmcoupl e or a thermstor in an aspect of this
i nlrethe porye thethedsethasontenlieptonisésvemivedpesdengr HBANSpect of this
mveﬁ[?H}Ep” ses a thernostatic expansion valve in an aspect
his invention. In the above nethod, the hot gas
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I 918\: iﬁ qut | et and an evaporative

evap&g@glété @Ofmn?'ﬁfgde’vvgwf)e}%t or inlet is operatively
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bypass neans inlet 1I's opera y cou
tempgiatreienng iprans eypisdde the pvamcathh slrfmtc, vgmsexﬂo;fmmcsxs ez than one,’
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evaf)orator or to an In et 0 a mani
- opergtiyglyreppipded imgach éasepezaiure pensing anednscand|to ﬂmlcpnl;:olkef wherem

g5y BB y FYRE o
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rré’é’ﬁ%s%‘tﬂ}ﬁ? & hobgasthypesy ap@l‘IISathe\het gas by pase mem&emmmng fopen until

t RS @nirS11BDCEei | A i SHALS: ¢

different Iocation® on tlﬁéh%g%g ééfgtg i s\légsm IPFég’@ghan s above a pre-
p Se\ertef qﬁfoad £¢3PP1G emperature, at which time the controller sends a close signal to

the hot gas bypass means.

In the above method, the metering means comprises a thermostatic expansion valve in an

aspect of this invention.

In the above method, the thermostatic expansion valve further comprises a temperature-
sensing assembly .

The temperature-sensing assembly comprises a double-walled container comprising an

nner member and an outer member; a first space disposed between the inner member and the.
7



operatively coupled to each tenperature sensing Means . s war 2007

and to the controller; wherein: each

t enper at ur e- sensi ng nmeans neasures a tenperature at
its location on the evaporative surface and sends a
signal corresponding to that tenperature to the
controller wherein, if the signal is at or below a

p ed first set point tenperature, the
&ﬁ}ﬁ)ﬁ%lﬁ 8sends an open signal to the hot gRSTHyz4¥e24574
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sour RO SespBill koF MBI AU BRGS0 SRS L BRCRENCERU o o

rise fer mocotpt e Br
mvqu:pn Y @dud@@hﬂ st@mf calmhgl asigrabfrathove orbble@d mdeh fheans, a

[ a m cr 0OCESSO an asp eCt
tempG ARt Bhaif BB, s VIR A Bils IO BETeERR B Eongialm gusing
the cortroerdo petivatecsthe hcptcgaubjs@gssp rAowd] fidirthey 1ﬁclﬁdgﬂaktc§@ﬁkfaﬁﬁng a signal
from SHMr? 8kh HgleWatthﬁeﬁ?urg (s)c%}ltsx{ng lg%aelgﬁs 3ncDor an g8, etecggxliI eans to be

I NC nore
- received by the controller causing the controller to deactivate the hot gas bypass. In some

embodiments, one signal source is responsible only for causing the controller to activate the hot
bypass means, and another signal source is responsible only for causing the controller to
deactivate the hot gas bypass mean. In other methods of the invention, the signal sources may be

used for either purpose.



tenperature sensing neans, and/or an ice detection

means. In sonme enbodi nents the nethod includes ate =3 MAR 2007

| east two such signal sources. In enbodinents with

only one signal source, the signal source may be used

to alternately activate and deactivate the hot gas

bypass neans. For exanple, an enbodiment including a

t s the tinmer to alternately signa

.cgﬂf%% eF&to activate and deactivate the hot%gigsumymusu

bypass neans. .In nmethods of the invention including

more than orQE'EAWDES(DMBTI@H@F THEINVENTIONE nBy
Brmdgﬁﬁ Bﬂﬁ'of”ih%l?fnﬂf ausing the controller to act. For

exanp one nethod of the invention may include the

st eElgéfeS arpvidedsokelygnald the adep ireursierstandiag Gife iavéntioR! They are not

nd a
int SRS @ nbRTRE Lt 8 BRI TR ot B el any manner
“m€§@§@hg the controller to activate the hot gas

byp |
o gﬁf%ﬁre f‘{bga ns]cf(l)ér#ﬁea{ng ?éprés@xﬁ!:&?xebf;a:fﬁo; If szn%e)é 8 rcﬁ(f %F%‘”ce
se nglgﬁlje Frisarpshematig frepr esantam@@fdetfagd:ram ayekerigvic®oblis invention
usih Y@g¥ t ng the controller to
eggélva H%m ?RSQQLESQ%SBﬂ&$% some enbodi nents,
oneFigngmbis asﬁslmr@élc reprosegatomgif b refrigerhtjonfaytlealavisé 6fithis h@entlon
USIEQQTXQ’I rh&én @a(flg IEIXC?J ﬁot%gsebgggsts bypass nmeans, and
anot her sig source | ponsi bl e only for causi ng
t heFigura4 i ¥§Ial sehenta@c rejesserttaticatod a tdmepelire gars iyl BRhis
inveéitiogt her nmet hods of the invention, the signal sources
may be used for either purpose. 8 - 5 MAR 2007 WO
200HiswEFSiss sﬂ@mausmmwmnﬂa perfioh bEﬂi@ES@RHRQ’iI@thE that
o T, | A Ve, ure
P rglrﬂgb pr ov#ﬂdgg%lt}?f)ﬂl% fog%%ﬁ dg& o é%e PP lfr? ﬁ“&l”ﬁ@d hot gas
bynapisyptRR At ﬂwontﬂ’ﬂ?y tha*r igtegrstes thertweriel emvcam dleGhUHdumOf iteoon the
ew@@mﬁﬂﬂﬁhh&ﬁd as limting the scope of this invention
nner whatsoever., Figure 1 is a schematic
p@gé'é{g 1 @iselivmatic Epssengation of a rasfigargionayele lde‘dgd:d)fefreezer
emlﬁ&h&hﬁﬂ of thie Giteftich shéwig ion wi
rigeration cycle deéf%gﬂgidn&%‘f ggﬂgaﬁ\%cgﬁée?g%g&%ﬁ ‘m‘g“t‘g“ with the
““@@ ¥ lary netering neans and a hot gas bypass. Figure
3 is a schematic representation of a refrigeration |
D%c;le device of this invention wusing a TXV netering }
elUUeRs: and a hot gas bypass. Figure 4 is a schematic

f em emerdraind thedhs A ubQIMRESIR S
i nventi on. S|:| gur e 5 1| Esﬂdg%é‘%ﬁg@ IQE)“Q) a%SﬂQM oxoxfnethod for

“m’F‘é ﬁY*é%%‘H?lehF‘% Rutgot Bmisest tojagiing Cl@“ﬁewi&rel with thhicentroller, such as

timing ¢Redid 182, mitfopioceREN dsb Ay tRebbodeP! Ural ity of ice
fornatlﬁﬂ detectors on the evaporatlve surface, a ,
marftSrUSPURHIE: & Asirizerona o5 Spfiizaraniged” retatesdo atfiuis thet in its llqmd |
forrh Rta BoMifOsoRit ®eloWBat bR atp E%[aﬁl\’)fe@t witbat ﬁﬁﬁt&tﬂ)lﬂf)oprfeﬁ-}g%reants are '

on _t he
ammonia, sulfur dioxide and Freon®.

As used herein, a “compressor” refers to any device that is capable of pressurizing a
fluid, including liquids and gases. In the present invention, the compressor is capable in
particular of pressurizing a gas. Many such devices are well-known in the art and any such
device is within the scope of this invention.

As used herein, a “condenser” refers to any device that is capable of receiving
compressed or pressurized gas from a compressor, releasing heat energy from the compressed

gas and converting it to a liquid while essentially ‘maintaining the pressure established by the .
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evaporative surface. Figure 6 is a schematic . -5 MAR 2007
representation of a refrigeration cycle device of '

freezer enbodi nent of the invention-show ng several

exanpl e signal sources in comunication with the

controller. Definitions: A timer or tinmer neans as

used- herein shall nean any known apparatus or met hod

f events including but not limted t
Wgzr?g‘l/@?{lgwt integral with the controller, 553@5}55@3’024574

timng circuit in a mcroprocessor used as the
comprepRof-oPuchrdevises 3&% bBkewise weéllknogvn'in d’feralrmﬂaﬂj? Such@eviée is within the

scope'oBftid oL, gas" relates to a fluid that, inits
liquird formhas a boiling. point belowthat of water.
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u 24574
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whilk, QY&@ts!nH@tl &H%Iﬁelhgéﬂpor%tq R 'J&rg\;[{gggnf ha? ' i

net eri ng eylce O BNy
capapied hé‘iemﬁ ket 894 bygass,”| “hofLgag bypassamedns’s or plncﬁgsmb)@astdevme” all

referith & dbikEWhid & cBYRE] df cBQtrJlﬁﬁ{y dehgegug ét finid Fo 'S félisﬂacéatlon toa

reduced pressure at its out eViCes 1In
secopd lopafion Whers there isgrcoohfled ipsush @ miannerdhat ghe tworfluidsasis, while

bypagsi @théi-' dadicés tﬁip@@etd' ild dﬁ’fe?én? Eath ﬂlai nggvcd’nggétg e ilocgtlon with the

ary tube and a therno expansi on-va
Seco'&%“onTﬁe dwidyappygedseto asgqe pr @b@@eﬁ’l&rregamatd a hot @awrbypass, an
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i nvention. As used herein, evapo
bypass {9 QBB‘} g{d@lllogggeet% |ﬂyld tp gpw ap@frgx with thel dogl fluid. aﬁynversely, a "close

signdi¥ a G RnaliheCRndddSceveli B U HoX fsrﬂ £ss SUL{R AR 1Rk ?% b\XBaSE fo close |

al.] ed herein, the "evaporat u rface, " ove
therely fliscontipuing theanixing of ﬂ%{;@éhotrmg/wcth theuoaltlequid. t h t he

r %}Ui dontrbl@dbly dmeéhntgh ) rh@a'iﬁpﬁ’égey B&i s Qa&@Lle PIL gemvgg Al Closing

the evaporator is bel ow the w pol nt
such fhap, oy éha& ymeunt pf hagfluidvis deliyeredite altdmlxefé with wocbll flogtbasderegaired to

mainfih 4 &é@ecfbﬁtt&ﬁq)e@z&m%% ﬁl@%l&fesﬁtﬁ}tfg froth Hférrﬂ&ﬂ 0?_% hot and the cool

ravitationally flow off of
uids)

As used herein, a “refrigeration cycle” refers to the well-known thermodynamic cycle of
gas compression to a hot, high pressure gas, condensation of the hot, high pressure gas to a
warm, high pressure gas with concomitant release of heat energy to the external surroundings,
metering of the warm, high pressure gas through a device permitting expansion of the liquid to
afford a cool, low pressure liquid, evaporation of the cool, low pressure liquid to a cool, low
pressure gas with concomitant absorption of heat energy from the external surroundings and re-

compression of the cool, low pressure gas to begin the cycle again. In one sense, the
' 10



while, at the same time, the liquid in the evaporator -5 MAR 2007
vaporized to a gas. As used herein, "hot gas bypass,"

"hot gas bypass neans" or "hot gas bypass device" all

refer to a device which is capable of controllably

delivering a hot fluid froma first location to a

second | ocation where there is a cool fluid in-such a

ng@)nzgét tlhat the two fluids mx, while bypassing other

d 18 * posed in a different path that al sBCT/US2003/024574
connects the first location with the second |ocation.
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' d:]cnenn%é %ﬁﬁlglnnc urroundi ngs, netering of the warm
pres ure ‘hsrough a device permtting

ex p%ﬂwptbherem, 3 hempﬂrquwedeltsmg mxfahgrrelfees to acleyicd it is capable of

med3 l“{,ﬁ%SJ I xeljahxpé"zitq’spgc}fﬁc\?vgéa 'rblé grghu@élua wﬁl?c%uﬁ hg%t%%v%ﬁﬁﬁgﬁ?ometer,
themem!ﬁ dheroisten and the fike. gy fromt he ext er nal

Sur A QHEEh OGS, z?r&gg{rﬁfer Q-Q%Psr t§ %%}e\%ge &at i Qaeqaﬁ e oﬁ téaugléxﬁ &n event based

pressure gas to
on 3 feecivey signgl: lmreem@k amtﬂﬂbﬂlﬁ]ﬁ’hii&ztﬂm%ﬂié hﬁﬁﬁlﬁﬁk@ﬁgﬁﬁy #om one or

t [ t.o be a coo
e T L T
the hofezaphnaes tatopen ermbnse anbtherabyepermitioo prohibdk thdﬂﬂuxmg of hot gas and cool
hqu‘gg r%géﬁ{?ﬂéﬁn%r Jﬂﬂ'ﬁlsg ngéhaH’]QluelgcuLantl tﬁxh (?Ptl BJ%\%{?% oflcgmbinau'ons :
thergpfhden Qeesmﬁlytph@em esibodinmht ofhiis irveatony atattrollesooiiprise a

rmci' Cc?ct‘:éof eﬂ‘a&ﬁé erfnﬁ&gﬁl&gg 8 don olpeli'%axgxpc%proﬁ%é‘h] el{g?%]{ﬁg‘urze For

be consi der ed er-re
examleahmtrplngcmwsa mWQplmqessgawﬂh ammtdgeal ttmrerrs "hot ,

l'iq ufﬁa/’% gt atbcs&%%mnt‘)#eﬁg 8{/ fff%@‘ hree regs tﬁ ?he i } E’?‘{WB‘I ﬂgﬁe ’eﬁlgefatlon _

art gayico gmedlymh@t intréfdgeraticarsysteras for bmsmg mse@amﬁcm csftuheywarm high

pregs{ﬁ% hil Lrugieg?rﬂfe}{gﬁdxﬂ &e\?\grghr%hﬁspr %ﬁg%a s%steén ﬁ)t ‘H)é)f I‘f“é Iéﬁ%éeteltﬂnéd
t h eﬁ@ userblgsirein, g ‘temperareeessgary bilb” refdnetouhd‘@éli}kﬁtwdl inghe

hod of th
refri¥eraOREL Rl VRR chﬁh?olsdtﬁ%( h&ur? n? hlnﬁtgregslu&? ‘é’a'{%]:‘fﬁ'é‘? that js gxpanded in

invention to spea erns o
aT&Vateaiwermm@sre ranges, except where expressly set

f ordshise REAH Sae'téxﬂ%?a%urg\!'serlsing assembly" refers to a temperature-sensing gas

bulb in combination with a double-walled container and a thermal compound as described

elsewhere herein.
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depend on the refrigerant used, the degree of - 5-MAR 2007

pressurization of the refrigerant in the conpressor,

t he anount of heat that nust be renmpved fromthe hot,

hi gh pressure gas in the condenser to obtain a

liquid, etc. and each of these is readily determ nable

by those skilled in the art using standard

t P gic principles. As used herein, a

"tenperature sensing means" refers to a devi cBCT/H00YE@4574

capabl e of neasuring tenperature at a specific

| ocAt"thermad nempeundUntéss tova thdterial that ixithernoanduddive and can transfer

. 0 therm ster and the
erfeP BRIFRYTRICEl 1 pud SBETBE R ofipt Ak i apebftely to another
~ regipa\f @ @olummgtof ihe apibl e of causing an event based on a
recgl Lgnak; . For exa e. A controller upo .

r ec‘gél l:{/ﬁ%g géjf%%‘ga%oﬁj rglg &aﬁg?é%gai%eﬁ al®'Ft Srft SRBst a{}B’P an gyrer and an

outgr walhand a spacedreprsentheme Agerxeinply, withous lindtaticof L£éouble-walled

o1 ' i & capabl e, of c@usipg ..the hot gas, :
coff AR RRRE b, GEBRC AT PP oy Bt ine TaomBR Pl pe clea
to those skillgd inghe ot bived owas discidsurexterein, ivepuildconprie®n tdobleShalled
_ Comer.cm%mg grgnchani cal, electrical or optical
conponent s 6rConbi nations thereof. In a presently
 pr eAzuseé lereimbashane rircwhsctibédy biyrvsdtibed Feferisig®Rt toQl ioRfme within a
coltQIRLISEs & n'}f[h@%roctﬁss r. In sone enbodi netps, the _
COIT P33 VIO TEoB e, FUUPA 11 & £33na FuBs  § hermos F6F a bottle wherein
the ®¥lang iCurliquelyCautdrintle@ and fifled sy Me fnf QRHACE R an Yub Thermos®
an. integral tiner. A "thernostiatic expansion valve™ or
orb ' refers to the well-known in the refrigeration
ar tAYIRYd Bekeif OAHHeY réf&S th 4 ]?;herﬁzﬁfobétgﬁfhi?ﬁ ﬂ%a%ﬁ’ He 81 dal of a fluid

. cau i,n% t he expansion of t war m gh pressure
In & GORERItFuER thatn i ¢angpyerfinaving fhedhi@ mugegeliate asounyldheepartiad obstruction

suck 6t the kffeutipe BMFHAOR theipathi o theAFnid! 88SLgh WeafledBrea is greater than it
Wo%ﬁr%%rat.ure- ensi n?@ggs bul b" refers to the o

ORAR PHVERBIR (R ahseRge Afle And, ity the resiglenqedime qf she fluid in that part
of thaevinduil 18 1ddger.anount of hi gh pressure warm |iquid that

is %xlpg@?ed in, a T)éV atgﬂi given time, ‘As used herein,

a 4 er?‘p eé?lﬁ’rae-hggﬁ?ﬁi PSSy M?fg.;rs to é@)ér.pgnnpbofa/alv.e that can be placed
in atconfuétriauche-rA&me: g opasing &id dosiny tﬁ@mvmhh@@or\épr&hbi?s the flow of
aﬂdgﬂ%e'\é@ | e g t ai per i&nd la t her mal_ conmpound as

‘destrt CoR, \?\ﬁ@?”é’ e Erot Linufationy pihop gy pypagpvalves would be
need 04l &] 86pt BodRGralvelSaibleMdr5idtdn Lfoled I VAIRs aft®@ PO/ AT fErential solenoid
val egfers to a material that 1s thernoconductive and can . :

transfer tenperatures detected in one region of a

volAutselendid't tefersmithy well-kibwicdonitoBdelice Ghbrei éidc¥roln@gnetic force is

qQf her of a vol.u of the material. As Used

regqi gn
| UseioHagVs a plung 5 TROVGEPR 85 WEtGHCaR FRiSe A flavidegr gnother portion o a
device béraainiag a sdlanhoil AsstatoristPEspea dd s, et@uUt er wal | and a
spg)ce bet ﬁﬁn t hem exanpl e, without limtation, of
a dGUBT &2 WPBY Ve PREE i€ Picomon Ther mos(r). I n
f acin, "ozonéigelieTmisL" rfers®El Hvi@RAhAt reiubBHI6He e bxi¥eh! CBEmon
to those skilled in the art based on the

cl ear
type§ Pg%zf%% BFETALRE ARG 4 FOraRR disehapssigsnerater.a oy Hrsliisplediclagtrie generator, an

electrostatic generator and a Siemens-type generator. Any of these ozone generators may be

=1

used with the device of this invention. However, in a presently preferred embodiment of this
invention, an electrostatic ozone generator is used.
"Fritted glass" refers to beads or fibers of glass that have been fused together at a

temperature that forms a relatively strong glass object such as, without limitation, a disk, a solid

12



container" of -this invention. As used herein, a space- -§ maR 2007

"“circunscri bed" by a nenber refers sinply to a vol une
within a container such as, without |limtation, the -
volune in a can, a cup, a Thernbs(r) or a bottle
wherein the volune is uniquely determ ned and
confined by the inner surface of the can, cup,
T or bottle. As used herein, "baffl e
rggeiragﬁélég“g partial obstruction placed |n thePFF/(]JW““’O“S”
path of a fluid in a conduit such that, to continue
glaSF Fuboyi arfaat, th?blft Ithait & spifisientiy g@pmatmq:emuogusels ﬁ)h@spa@é tlir@.igh in
bublSl@§1EésLHé it o glﬂ) efyf e 'e. "
e o it e it s Sim Pl s plferipn devie
isa #%m Wftlch lmlﬂceﬁ inawetdseelection teservaib placuuemdér dnhﬁaﬂilﬂ:itéﬂ #d which
scozﬁagix dttB‘dﬁ $ the, f Ly
s coBlbed 5 op B gehdiRbe R Bl bdBe Bbog et Plpn o doh gat s
dlsP@‘é%d 159161&3@“%8\1@0 wagefr &y @ethlleangnmvmr of val ve that

| " t h
| opin ERnoaR s hediel Ptilite oty d el P Rnnef pien firea
poteptpaéﬁ;@rencg isfgengrated hertwgtghhc pe@int ©f daritdct isRxAdEPhe 9f the temperature

mﬁéﬁénkbg%eédmkgahtson of hot gas bypass val ves woul d be
needl e val ves, stop-cock valves and internal piston
solehdiey peaitiie @OHPIIGP@ gnre-ta Mﬂliobrasnnusabe mlleﬂmt) téhstant pressure and
te¥ Y068 Sontéht iS o.the. wel | - known can
e ed evﬁlbc e wher e?ljﬁsq? g%f b %a%g%&f H e ?fcsé’mlra?o“ GE8Y args %&Bg the
maxinys) YRgHEL of witer Yapornnssibleaf a giver temperatucpattiepréssat wthout the water
vapod 8ddESsitY t03HaRidNErerP Al tdnid i.ce caont ai ni
P sol enof% togﬁst ar ttero%rtst cfag%f)sg%el%r?%shu‘f' P mé‘% wat "ngE in the air
precipitates apliswidwatess sj on of oxygen; i.e., 03. An ozone :
ge)ge{,ﬁ;r ds&Clefe oduc one trom
xyge Qﬁég%n g r§t‘3 aﬂ 11?9%'?%(2838%%8?% eg%tr‘ ¢and
°°“tfé?i %‘EPH&ng@qwﬁé? att%?ret @d@ﬁqummtmnom fmrmat:wmp.lter program.
9eALHRH Pbreirt the (GIPGhLRS 1084 and a |
Si enens- tﬁoe Senerat%u? fe Al%o“f tﬁ’fﬁé’ 3lzu5r$éveﬁi9nerators
may be wused with the device of this invention.
However, in a presently ﬁfis%tx?s'i&-?d enbodi ment of this
|nvent| on, an electrostatic ozone generator is used. :
» it & agnic shesmatieallyedepictsa pivonals stendafd tefigraibn gy el device, is
descﬁﬁéatmhﬁ\lﬁaci?g—gﬁhdfsu&ﬁ,q together at a tenperature that
forms a relatively strong gl ass object such as,
wi Thedugsent inyentien wsintesdo alidevice thatspkiats inlPrefrigdfiRon @Ade Wil
cﬁlqg%é Rkdadéh &GE &V 4
Ut that i's Surfi %%eQﬁ%;oﬁh?ﬁc %ﬁ}lrﬁeiw ‘1333%?,6 Wétthout lcing at
virtugdly s tepaperinrg itis P@ﬁlcu%ﬂb b$eéul at anmm reohgretatres; i8S temperatures
bel @h&ﬁ‘at% 7 B L
“ Ui sper si on deggll5 %ggm@%@?%e%sgé’w eeé‘ﬂghﬁe‘i’d’f 3%2%5 iltfs gt the lower
ambigpi ais terppsiratuies theticing Sﬁlavmﬂarlpl paciienaticdad ttRrlegida ﬂ&é@tl@éf the

[ " 0. ner at r su
s B, 8 o e RUNE B e BB RO o
eﬁe@ﬁl padga dhe fmvsmlwhetmrbthle de;vwems docamtler in the
col bl%gén't@ 'Brer%?eﬁ Bbdiment of this invention is a device for avoiding evaporator

icing at ambient air temperatures from any temperature up to about 55° F.

To accomplish the above, a device of this invention comprises a hot gas bypass that
permits the output of a compressor, i.e., hot, high pressure gas, to be mixed with the output of a
metering means, i.e., cool, low pressure liquid, in a controlled manner, at a location proximate to

the output of the metering means. Bxamples of useful metering means are a simple orifice, an

13



A "thernocouple" is a device consisting of two - 5 MAR 2007
dissimlar netals joined such that a potenti al
di fference is generated between the points of contact
is a neasure of the tenperature difference between
the points. The "dew point" is the tenperature to
whi ch air szt be cool ed at constant pressure and
vvg} content in order to reach saturation.
é’tzém"é(fl Ss‘,‘gt uration exists air is holding thePCW§’F°H{’IWf‘57“
amount of water vapor possible at a given tenperature

orificd Mﬂ%ﬁfaﬁhﬁ Qsmtmpmafyhﬁbmta&henn\tﬁtw e)@ﬁmiiﬁnﬁdlmm) The hot
ul wat er er at

gas bmé W 5%puﬁuﬁau[0H é’Vl a.con ﬁl)JlLe F el ogg]ﬁeé ds :rqisch c(ﬂ)%L{nécratlon with

one oAmofd §ERAPSCULERS Swrh as hﬁfeﬁ[ ke ﬁeteaarsJ d’ﬂtﬁglieair&né sensrocsu iTh
containing the arithnetic, gcffs cont

Ebgdl e BHYE FEREF AR A7 BB Biimac o te i of
the eVd’p‘éfdtdtﬁ hiOAGiohy 10tAtidnCE Rl bﬂpoﬂh@gﬂhﬂﬁabe AEheuts@erhmrecsensors

e SO 55 P S B YRl L nsr
locatéli px@km&tet to $ﬁeﬁﬁléﬂlrodh€ ezfaptbrgter @k ihenempecdtere e tiecsyapdrative surface
scribed in the Bac sect esent

wherP s RO E1 e SO0 GV BT BN apBESTORC e to

tempéxaﬁﬁd: @ahedonablley i tisdnitodimeny, mhcddonlgollet eorhpnimhllm tediperature set
porative surfac he devi ce wi

pomanSi ﬁm tprepq{@tuxgt set Rﬂul)t %eg\gh atﬁg}p?r%tﬁﬁestf%s[oa Feé]ds iattcn?psera%ure signal

to theédnitrdoflét thdt ligyat b BSloW thatlow Q&m;&lﬁhme isét poinmike eduitiiofler; caiised the hot

t enper at ur es

bel b
815 YGHT G Shehy AR IOt BT R 2u0F! RE he S TReps 14X ith g ool
liqui@énteiugs ﬂl@mpora&ﬁbw&ﬂingat rTTte@VﬁiﬁaeﬂlqmimqﬁmneSSmeﬂgnexgy to

artic Iarly robl e C evi ce r
L e
fromitEe watandontidmsing elgpema Thne vafer ah tespiritive aiufacedx e cnalkd to the

to and in _the_enviLans [ej i 1
e R T
that 'a atlevdboee the higa\tmmbiratge eetppnt,ahesontrolddricgusas therhot mtbyaass to

close e@g‘ Lﬁl t Scﬁ %?% %]cgg ¥ro‘rﬁfg§§é’cﬁg %xﬁr ?Rvﬁh?n ﬁ'Q&igns §t5a Eegréqi of the

nventi
tempecangre lofsms liquidd tﬁbwggsthtoygia&s evdpatatorped,thersfoteh of mgtepanorayfr surface

and (?ﬁ %‘p con eﬁl%i]% on th% r{Aget ngltg t{?&t&t@%&l b \gﬁ& onttﬂe %porahve

of a ering mean
surfaze 04n bd roaingained atur temperquumhamly] alwve fraezing weumnmrfenmatlan which

| resuﬁ%lg %&n&m eBI c?e)ﬁkyn?(gtﬁ in tg (H' %{(85&:19% Ls ﬁHwht @gte%g)%géaﬁg from the:

use
ambﬁ:m aﬁr mepntact “]131 the &amlmﬂ’acmdz@ﬁdarﬁi 86d@wn-time due to
eva i 2911013/024574 orifice wwth a floating piston, a
pc?é ?I V&t ube or a thernpstatic expansion val ve
( TXn9 hotEh:eb)Ipass of (e invgntime snay soinprisscrumitwitgina single wiletnand a single
antroll er 0 I L [ o] o
outl ?Hwhl%hcgse tlh n%et}eg 18211 ﬁa;ﬂgl o%érgh?%gé&gbegﬁo &%‘mﬁﬁﬂe o&gﬁé o2 ermg means
(or theindet bbthe cvapnratcenwlachupmcéczﬂbrrspcal@g i$ the Barbods tie outdet of the
meteﬁwgﬂ%ﬁgi SgP ebaias:chuaé Be gﬁeegt‘?n 11g 1, R SR I%etgHXg Hl%arﬁllgg&gled to the
inlet of the evaporator). However, it is within the scope of this invention that the hot gas bypass
comprises a manifold having one inlet coupled to the outlet of the compressor and a plurality of
outlets coupled to inlets at various points on the evaporative surface. Such an arrangement would
generally and most advantageously be used in conjunction with a plurality of ice formation
sensors, likewise located at various points on the evaporative surface. The inlets from the hot
. gas bypass manifold could be located at any desired distance upstream, i.e., in the direction
. Ca



the evaporator or at various |locations on the =5 MAR 2007
evaporative surface. The tenperature sensors neasure
the tenperature of the | ow pressure liquid entering
t he evaporator, if the sensor is |ocated proximte to.
the inlet to the evaporator, or the tenperature of the
evaporative surface wherever on the surface the
gﬂfor /‘IH% | aced, and provides a signal correspondi ng
Y958 perature to the controller. In thiP§T/US2005/024574
enbodl ment, the controller conprises a | ow tenperature
counr to tROTIEW oﬂfb‘ﬂng’bﬁhit gthé @yﬁbﬁf fbniltke SAtor) OWhen a Widr skives a local

.. tenperature senso rature signal .. to.the
 foraghmas et woRARRLe SEFo Befogp N“EM“F%‘%M&% 7 Sgpel to the
mafidld fo, opkh Brifoat liditdtRh, Llmoid opéatel 9hlve BstlRyAdRe thet sensor. In

open,. permtt asfromt e outle t
iR Bcie e bR 0% REPEUBTe Ol PR TR EHITFG Yo be
posEibRP Thali&fer d¥AEAndProdedurd WeulddE Prrtichlalpngéfiil &fhdh ey large

| ess heat energy to  vaporize and does not absorb as
evapaRHveWHRCes A hengsed r 1 owi ng over the evaporative

surfrae@ow desérifeddbvie: oFaki€ inverivd &¥iB ae@niphiel & @urpl;hmﬁ thls

wat er, on the eva$orat|ve surfﬁg c{@ not cooled to e iy
m"F?‘é’@z’r%g’PB‘&feﬁP 2 zoigespiqaselp g BhCYARET B 3RS afmf% y any
ten§RIAGRE, hEWBLS, ifis Pagidallarly offéckies mﬂef Exletne rcondlti@ts is, ea.iblemt air

above the hij h t emmer atur i nt the tro
temperFdEss belaw ot §URR HiABS % eliQus teprstioniss Eﬂ@g very
long%fﬁ?&ﬁ oFé’dhuQﬁ&ié' @ra@(’irﬁ‘ %t&@mfe%ﬁr%@hbov%ﬁ&ﬂt BS‘f 1 %We@éisa device of
degree F, he tenperature of the I|qU|d

thi§ inyentiag ma M@hcqm@se\ﬁa Hhsrpgtesing aeans, aikaraplygxpansign valyg (TXV)
tha?fé%?ﬁ&oﬂ:&’ﬁ Y %Errﬁep'éi:a?ure-@&f;nn%fbumgs%ﬁlbﬁp ndeRs} w a% cbik@d! the

sur nperature of the water on

temenezadis? of liquid enigringen craprar biredass 59 %@napllwgﬂmmt qfliguid that
reaBR¥s @ie%vﬁﬁlﬁé’t@r dthafp ﬁv@xgtnﬁb fdRthah B? 1rfjéb"t1H?hbl(§%s Wi 1 liquid stream

results in maxi mum efficiency erms of

entesing the eYaROrates. sy st ks f‘a‘ge% §%‘}dﬁ¥°@&f¢%ﬁ§ fHempefAfres gpove
ab&t 55 1) 2900F B reiice Igorh@@f Y ABRLIBAD Mtk HE A€ Bydoy %rowdmg an

avol dance of down-tine due to: evapor ator freezi

additienahdngrageps conyyed ofthe femneraure pfliqid enering fhaysperpios BXVs are well-

lmma fn dd drhasParS ind Qérﬁpe'rﬂlllr@‘éexﬁﬁg bRIbS uﬁgéo%tmpmunehoweoer the

case the outlet is usually operatively co
_temqutwtesmtqg@ﬁsemblbt drscribggd hereinpwhigl pregidey ﬂe&rwfu'ﬁ?e\éfor@vl

preciifon SYARRAOKith WRERE of PEiSmbedtRh! iYe., IRE A& WTopePatiol 8f the device
sanme as the outlet of the netering neans since, as can
witheutdeingof the yagorative jurfacey ik 1o¥el of the metering means is
co u@h@t@mg&a&?@senblﬂé Q&eﬁﬁlﬁtcgﬁ prEaR HefthQWell 1ﬁ@f@ﬁe‘fstanﬂﬁrd

iswthinth escoP is invention that the hot gas .
terhyeprire-sensinghuibsis plagedyihgithesmal wedhheing cORBrucdse ag o ppidly transmit
smtaﬂ cﬁ;ﬁ esQH Eﬂeq m&fratmeof %@E %M thé‘l Qaap@rawr %ﬁét't& M’leQémperature-

S coupl e to inlets at vari OUSREOI nts on

sem@lbavmoleca@uhmemsemualﬁhwmvgé the TREGIBo accomphsh this, the

theRREHM HaY 2 BRI BRTulR gﬁfa@@ HR8RA l’&ﬁhéﬁ e h?\ﬁ@ ce i) Qerant passes before
conjunction with a plurality. of ice format

enteang bie gvapprawThe bafde ceagses theyesidenoe tinge imihg a@wlarﬁeace to ensure

I t {
o e A T, AL e e .

Tfr@lssacah@é'e‘émtbﬁ fegepeTatyre-sensing ulbiaad herveadk of ghe thgrmal welljailled with a
m@?%em%é& ?x@éée%é’t@r‘}ﬁ {12 i/ﬁ%m ‘}@?%aﬁ&ﬁ%&ﬁnéeg irf Bfigerant

ow O gerant 1 nt omthe sensors.
thdéﬁngprmimm the atd of ﬁle|tl@g§xga1 well to the temperature-sensing bulb.
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formation of ice, it would send a signal to the -~ 5 MAR 2007

controller which in turn would send a signal to the

mani fold to open, without Iimtation, a sol enoid

operated val ve upstream fromthat sensor. In this

manner, precise, |local control of the tenperature of

t he evaporative surface would be possible. This

| atter device and procedure would be particularly

usE? H04 very large evaporative surfaces FCA7U5@I03/§24574
used. The above described device of this invention

Wi | A deeiee BDﬂkﬁsﬁhvédﬁSn By RS &mﬁfns& Bhdor thér¥ &Rk seikors at Garious points
erate in,ar eration cycle while av0|o]s

on e e5terar Birfare.p ORZfoF A ﬂdQCdaﬁipg dﬁ@ﬁﬁ@rdaflag extreme temperature

or hmivay& contifiudus op&ﬁﬁidtfdéhéiﬁbﬂé Etdseadtéct@s WG arf ﬁﬂa@l%f dctectmg
nt ai r t enperatures below 5

the#mug‘\f%’ﬁn"é‘é*‘ 8415 s Sogice e PP Behpant endwpwd byused without
modifiefitidn it & 8@viceastithis invBigtiop Fovasier, eith& Al Hﬂté%n the normal fashion

ures abgve. about 55 F; however,
&,&%ﬁ%@'}w 5%‘%‘ P?ﬁﬁ%fﬁ?lmﬁn yhe spmimressordf frpst isdetectgd, in the
prasm invedten| the fiteedtsectods 4rB &1 IFRIMRIRASS WAR tﬁé%bﬂ@olfeif%en the

IS contro ate erature sensi n
e i e A heol i e et SEAAE Pt 1 Frbeeaing de Breate thgvicinity of

that seﬂwr,dt &mtieﬁ bl@Gala@ OMQM@F@% ?!a’stst E’ﬁct.eﬁot S @{)ass 1?1 ht be
ul a reaches

| | f
oGOt 4 B4R OBty oG et PR B L RTIOF B B i Wleh mgoal

chdﬁglatof gaSgds g ﬁjebh:ﬁ ihth eHéi iGuilleh @AY tHRRYEFr A6k, tThEse bursts of hot gas
or at or “under | ess extrene conditions, that

woelg confnuge gﬂtblecpfé#mtégnsg%% sending i fress sxgnal.alnmaléqmauve once the

opdhestglnﬁ‘lﬁlas bean seht th e WP Eds-typasl tﬁé“h&t?ﬁs ﬁ&%ss@f@ﬁmﬁy Q%B%n@i%he frost
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sensiive” is mean th e amount of work that the sub-assembly must do to maintain the
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temperature in the room or chambt_ar at the selected sub-freezing temperature increases, the

temperature of a surface, usually the outer surface, of the sub-assembly rises. The sensor would
16



A device of this invention may al so conprise one or - 5 MAR 2007
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O her sub-assenblies that are work-1oad tenperature
sensitive will be apparent to those skilled in the
art. Any of these can be used in the above manner to
control the formation of ice on the evaporative
surface; all such sub-assenblies are within the scope
of this invention. 17 -5 MAR 2007 WO 2004/013548

. Pgﬁ;%@% ?/024574 The device of this invention
al'so PBse a plurality of evapor at ors. ThePCT 52003/024574
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called the refrigeration cycle. The refrigeration =5 MAR 2007
cycle, however, nmay al so be thought of as a water
renmoval cycle if the air circulating over evaporator
40 contains water vapor and if the tenperature of the
air is reduced to below its dew point so that water
condenses on the outer surface of the evaporator. In
e enbodi ment of the present invention, the coo
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inlet side 42 of evaporator 40 where it mxes wth the
cool liquid, possibly- containing sone cool gas, and
warnms the liquid. Wien the tenperature signal received
by m croprocessor 60 is at or above the second, high
tenperature set point, the mcroprocessor stops
sending a signal to solenoid 75, which then

d al | owi ng hot gas bypass valve 70t
ﬁggghmﬁﬁgéhls manner, the tenperature of th£CT‘§awa¢“5“

entering evaporat or 40 is preci sely control |l ed. Rather
outer genface oﬁﬂlnphecmpcddgaﬂ)w B:ﬂh&h etdperatR o] defiged e REnpeP¥ure of the

so, the anmount

cooﬁ#q%gd %?ﬁrﬁé R/%) gtxéwr}féﬁf e%éu.rg Qg‘;{’ﬁ :]_1'88 ali!filse‘?%?' signgl 5
correspanding toghht mt;mpemuqeeo aiands;&céms 60 gl\abubﬂlﬁo&'ésor\sb hscﬂ}o%rﬁmmed with -

n a present ) :
o s A N i
tempaeithretapdhe setond setpeins tdng)eiauirblslaﬁngmaﬁcﬂﬁi taapekure. MR set point
tem%gﬂre% %}Q S%Ia@ét/eg %ggf' %em&,%;‘gtt{rsztgo ﬁv{él %m.l‘ﬁr?tgm ttlllqeehq%lijc{ (lan%émfgregggorator
40 amWSMféWplematlm,eus enthenare ok thﬁmetdiﬁg nheafdfs Qa@llagt fBéribed

t th | et t he eva tor _al so.
abox_%g ‘;I'rhtrlr% ?rpz\?\gr%f'&xgg %I':’efé:?l em%oI ithes Zh.l vaﬂ&\rj\t R (%Flf%llq annamtam
the ramgcrathtee)fmd deﬁxgefa;at llmentéimglﬂitgevapérh@r itQﬁtV?éBﬂ 3384 F%H&i 33° Fand

the SPRSS ¢ bet ween theg% e 110 contains a baffl
orP¥eY e%%era&‘f“eg B PLAceor 519’ | Sloweyvas, if g dpvicq of thip Prmqgmp to be

useddpadeezel Gherthigy g6l iswetdol #8bidhtwst tH BSlo@ B2 5|a e Ehe%%% t&lﬁperature of

ace n outlet 113 from space 1
the ‘F%Wﬁ’éf*é F’ng%ﬁ%P Fehskgtiallycoldengmdthe %fé?‘?lv@émmrmqsnee set such as to

ﬂtﬂmuar edldir eerfferdthre. CML, |
et to eva{ﬁlj(frr ator 40. tﬁl’ﬁdédelggﬁgggg bﬁ&‘{egné)a&%urémm depend on

the y5p {Pe‘vltlf*h'ae dRuCe S bping enang éheaﬂlﬁenmnquuoftsbcfss {esmpeatures will be well |

w1therthec@alﬁli@pﬂm&ise Ekif€Y infketari Bs&f onlthe dishlbQidhemiice 110
mh |n | [ around baffle 120 whi ch results
o Bisrongoscsnas i Recbbv it ErpPafGr sig fromahermgporge 50 that s ator

belowulﬁé ]loWlselrlimrpedSmp):datﬂrfe thicFeprdcessor 6URhds A/\ﬁéﬂaé E&ﬁ%oﬁ%lv@qch is
and t hen out

SATE ure s the |iquid,
thentaﬁ?‘éa%éh R b e ol ThieguseEhoq st hyases vadve 10O oRems When hot
gas hypasserlval’@ opens it bascrmnﬁi the%utlé't sia@ U!Z € bordprbdiod 106 HelVRbdd to the
t he tenperature of

f
ot b 98 PO P LB Db LTRSS 0,

and Wan‘pelltﬂtqurcb When thb &rﬁpeﬁhttird s_lgﬂ_ﬁ PRREIved by Rick68de8hr BY kst or above
npound 130, which is a

rrounded b
the S§°5 Sh‘a%‘ 8’”?%5?’“% %?b%ﬂf‘%x%ﬂﬂ“@?@?"é?%ﬁfqp? sedigaeignaheselenoid 75,
wmmmmaacumas; gH6wing hbenp B*]IQE:Waﬂ?veaIO to @raﬁé Mahik madiek, BE €

- 5 MAR 2007

tem %31 A aﬁ gfflClentI nsmtted
PERS fee? SihS BQuid eniesing o pppondd s EFFSﬁﬁ'IYégn‘B‘?Heéuch
S u.hslt:\at‘eocifs}ua irevendisn m@b@iﬁphﬁe éim mé:hmd zﬁfd' aPhurality of ice

o195 AT S ORSHRS o s Sl e i

senscﬁs Bﬂhnomfﬁe H}&ﬁ)bfﬂhué a:rﬁit%lt%’mr th® %rﬁaﬁ&x §1q@$ aMHﬁt(fi‘ln%$§1nts 240
wi t ho imta
may C° EFéé‘S%tﬁ 8?‘!92?9 cthhfo e‘iaEOféBk‘fcr Sé‘ﬁfé‘Fﬁy S‘%Cgr?ﬁ)@r the gase of

tempsmmsd stenm or'&h)ss sensdrs, ol they &P SRl e kD ﬁfm}no‘(@ﬂaéhlﬂjgas in
in the tenperature o

the cas as ﬁft te L? °S {'fe as
5 F s dirggied ¢ the Rracea I otenty the signal fpme g sersorsmay be
: collesxemstlbngzmauhdegB BomtRERRSO Br thd¥p ndah Be B Eﬁé’c’ t&%&ﬁfb%@lszoo

noQ in TXV 33, which
Coneddlh 22t Q“Pg‘ fﬂﬂ)f”é’é’g B SRSy g Ot mprisepitégnal
connepgions. Thep Ak degicRdliNFR5S5 aPMsRes: &98bNRHde@RHding only. When
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closes a diaphragm (not shown) in TXV 33, which -5 MAR 2007
results in a restriction in the flow of refrigerant

t hrough TXV 33. TXVs, sensing bulbs and their

operation are well known to those skilled in the art.

The use, however, of baffled thermal well 38 and

thermal conpound 130 to obtain rapid. transfer of

S rature changes fromthe cool refrigerant
I %%ﬂas/ﬁlg?“%sensi ng bulb 35 is novel and is ag}sgooa(pusn
this invention. The TXV/tenper.ature-sensing

conlavillda 200 edceimbs Meifrhal @bmidak or ?M%ﬁ%éx@?s Q?r% Q%{]H@J Mgnal to hot gas
reve i.C or at or at anbient air
YRR 7205 MiiL 221 Bht anhior7 0k s Sanesiad v the outletof a
conipBe¥pee l(Adth&w RO EBhud ShalforI20lcom@ink hot da€ from the outlet of the
co TXV/te zﬁure gﬁ{]sm? bulbﬁletjljerrml well systemis
“W&SS"&I% OPaRET FPETT ISP TR AREtoden U0, BF anepnate line or
linet R6Qiskreddpehétiso thitlibe §1|s @Ry Chtet RRAPSUBRORARG 290QDOMIR nidRe of inlets
2303% i Ci.ng f t he glﬂratlve urface Thus, at
8?"5‘&’1% clnsing gs 18 gontrolleg, by, withouiJumitatipn.csglenejdl activated
val¥ehli Gthleﬂmeiﬁslofﬂ Boxﬂﬂiﬂﬁfg then&;@mﬁh ayd clbiRy BRGSO 1sSvilt BecoMeiapParent to
tho fl g 5 ﬁ% - MAR 2007 . WO 2004/ 013548
Sk Eﬁgg'o‘g 72589 90 ‘HF%%&@D&? R ¥ ithin{he sconp afthis Agyention.

InleTs)SZQ'O 3k lobdidl £ 'iA pPPicRaistdite utichiChat il & diRIBST ulfeioQhe flow of
i d ante nc evaporator 40 fromthe

00 u
refn[ggr[% '-E%ﬁ“glﬂ gxegystt:rﬂ SIARY ea e 5va§p@m§ pt 285 and exists.at 280)
frorrt R:E ferafad ol sehgors Q4(1 MEHus tlﬁ)ﬂmrvﬂﬂ hr the e%ﬁéfa%raﬁ’ﬁﬁﬁﬁﬁ 'mix with the
t&qﬂ%&glroces Q0 is programmed with a first and
ref“&"f&‘é EReIIss Yling g \3ERing of the exqporative syrfagein the fgwnstream
direttionp .iieds 26@ wilh rendir0opef @htilRGhHI ler Qmée%ttélfe@ela@ﬁi sﬁfﬂ from sensors
nd set o I nt te erature set . pai nt

2408 £ Cﬁaa-l r te 23 :éﬂ‘?ﬁg 0
5 HIEP e Fersorsirg §E«’F B5s sepsorss f‘é@ %Feéelves asignal from
sen&oesl mdlbatngdhm stlaaed eoqmel sat poire $eﬁ1ﬂ$bi’dtu1‘6/l(ih|a ilis! satpainﬂtehipe:anue

ben{g aq(lsl\g ?ea %erraé re 1 %a\{la 1cmgé3asahﬁsn m delllf;bttléqe], ﬁ@)qgggr@o sends a
sxgualsto hocgasiblypass ;nanrﬂcﬂd 220 toatbse HH\VISO sd hizlSno i_nBreéhopgd%&ﬁm thdé to

inle ggrﬁ tr.e ;r eg 1?16”& eéiirﬁoht tﬁ.gln?aghgr\é ?%%/ b?egzssf:on(uiq of the formation of ice

ontheeévapcgenwmxrﬂaceqmndeemfsmdng the evaporator at between
32.5 F and 33 F and the set point tenperatures are
set accordingly. However, if a‘'device of this
in \lkfshsiir@h a recetver (net shuwaxhliy'beanélnm}m thevihne kenrebingd@adenser 20

air to.b .5 F, .then the . Lo
andt@r‘fp@r ure g‘% d%nt%]%s 677 Ge Sgﬁf ﬁﬁ%ﬁ%“ﬂﬁ?&“ﬁé‘m refrigerant liquid
untibig seededibylthe/metetinkedeviead t he set poi nt tenperatures
are set such as to maintain that col der tenperature.
Thus, the values of the set point tenperatures wll
de peastien exdnide mm int iguyh 6 chhith shate\ah @ mbbdimBed df ghdibNention used

t r N .0of those tenperatur.es Il be
on (38 oML T Bopiog 56 G Bl T s 30.
Whearnbictopsedsson6Q ieeenzhs atﬂm:ssugn&Bfrdftﬁltl&! tiiner\80@,Nhe rmcnl)pr(f)cessor 60 sends
. ro Q0 recej ves eratyre, Si rom
a m%ﬁlﬁl“\t{) rgmglcl)oag I§e élﬁ:% 1 é?n zilcglv%l?d aY‘Jthe rrg “86\5‘# ﬁglep(aaﬁg éfmswqﬁ £as
bypasewades 70 orapen. n%empwtgaeb)@ass valresi@ngensahdt ighd fdm i outlet side 72 of
compBE080 Y it gl 000 R B S s
possMecpmmng gerse boobgasandavanas THe mmn SVhénahe @asm‘ tirB¢Thds [bBen
t [ essor
reacilh 1 o 0 Snd SRS RIer B v Slmo 1 e ahedigpotvas,
allowing hidtdgas pypass bilye Tﬂm_tcmsml Inghis anBne Ohe tefisrature of the liquid entering

evaporator 40 may be fairly precisely controlled. The period between cycles and the length of
22 : '




and warnms the liquid. Wien the tenperature signa

recei ved by m croprocessor 60 is at or above the
second, high tenperature set point, the m croprocessor
stops sending a signal to solenoid 75, which then
deactivates, allow ng hot gas bypass valve 70 to
close. In this manner, the tenperature of the liquid
enterin evaporator 40 is precisely controlled. A

d&XA ¥&¥YP5%Bhi s i nvention may conprise a hot g&STRAYHAYE4574
mani fol d and a plurality of ice formation sensors.

each Iﬂl@mhfb@ﬁ@wgt drRyhdigcayRafiBiel 6asell ofrtH@-cireumitinckd @idewhich the
nmul ti e Ice formation sensors 240 nonitor.

dﬂm%%%ﬁ&ﬁﬁpgﬁba§MWﬂ§€% 290 for the formation of ice.
Moni toring points 240 may conprise sensors coupl ed
directly to _the evaporative surface, such as _in the

c 48 @ths embediments the RICprRSaIser o} may rseqive sipraly fom mgye than one

signal SRi¥cdT®br Hﬂﬁﬁpﬂ@ Figuhes 844 halages! aﬁetﬂpér@tﬁié&@né‘oﬂ&hbﬂperaﬁlrd $ensing
the case of | aser bean1d|rect§d at the surface. I %
meang A0 gAY i0c Jo1eFtaFicn s deierRsIR THES S2th Sditipajo f timer alrcady

d1scu§@d| %ﬁlﬁﬁmﬁé erBbirsekss, bKly OHEfenS@ ke GdphRFatde Qer@br 3108) the ice
be sent dlrectlﬁ*to a controller 200, oﬂ
deteczcgé*ilﬁhsathewhb‘e}b mpay op {ugtuded The sipalcausie e o ﬁ'eipoﬁaﬁcﬁvate
the hSng 'b&ﬁ.ﬁs Fraf b disfefbBthan 40 1384l lth£ Bfuses'tAe Yortfolle (DI t6 Hedctivate
5-as wires for ease of _understandi ng only.

1 g.
the hvmaﬁ bypass. ‘Bheyplpe belpw disgjosaspassihle sombipatipnsiS2 003/ 024574

-5 MAR 2007

controller 200 rnreLMes_a_sL§$aL_iL0nmgne_gL_nnﬁe
Signalsqyenesaysipg activation gihot 235 gnaiignal seprce %@mgu%ﬁpa&é'gatmn of hot
a3gni fold 220. Manifol d 220 NamsBPpass! et 270 that is

connected to the outlet of - CONPressor (nnf chnu\n\

TimeThus, manifol d 220 contains HBFmgas fromthe outlet of

TembdiErureC ONPT €SS0T . WIEeT the nanrgn%eggj}gcel VES a sSignal
romcontraoller 200 the appropriate line or lines

Ice dp@erigns/ ar e opened so that hotlc48¥esHgy ent er

 [TimEVaporative surface 290 at ﬂqgeg&mggﬁe of inrets 230.
The opening and cl asing of he lines is controlled by,

Tknmwmmnut I|n1tat|on solen0|d'B@P|vated val ves. Clher

Iau#&@&ilo' controt i Tng the ope a&)ﬁﬁ& crosing of the
Ines Wil becone apparent tio thase skilled in the

Timart based on the discl osures Treapgrafrand are wit hin -t he

Tom er%f A of ﬁ_li STTvVentT o 1T Eaetécﬂé are tocated at _an
i onal distance upstream LS |n,d|rect|on
Ice dewatidrer to the fl ow of refrlﬁmwant t hrough the system
t—e——refrt+gerant—enters—theevaporator—at—285—and

: exists at 280) fromice formation sensors 240. Thus,

As chlobe gas fromd the mhlesin enrfbedimenis of ﬁtedmveaﬁotﬁﬂduding morecthan oie signal
- er ant e r
sourtéef, e?cw gl%\?ja che tma‘};é)egeu P?nasgaze for ot: uﬁmEZE‘ conﬁgllerri]o X@ m)rnegtample,
embddhfnemt of olie inkénties mﬁﬁ thclude therusemf asigneé fromrung lor moretof @|tinger means,

ceases to receive nal fr sensor
o RO RSO a0 § e gt et SR QBN o ChnBner, casing
" the coAdiled td Btivae therhot gas\bgpasa. Andjrixin se o mignadrmgors or more of a timer,
i ndicating that a | ecte c '

s sl PR Sp P ELEReRERR R Rl by e conupter
causin@whé empeiletto deactivale thahotgys bgpass) ) Intsame bmbodimests,me sighdl source

uch tin ontral l.er. 200 s I.gn to hot ga
may 335 SehoRHAENI PO oS3t e P i BAE R S iswlip g anote
signhl@butg:ai’s mﬁ;ﬂohsﬂﬂasslytfa caisihgeths c@@llentonfeactivatelthe Hog gas bypass mean.

In ot[hﬁIfGé L a{‘r{ts Iqxe gfgnaf sgur%'gsnrpl%[ be l\lls%crl ¥0r tﬁ“ p?lrpogont rol of
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on the evaporative surface can be achieved. If

desired, a receiver (not shown) may be included in the =5 MAR 2007

| ine connecting condenser 20 and TXV 30. The received

acts as a reservoir, holding the warm high pressure

refrigerant liquid wuntil it is needed by the netering

device. In another exanple seen in Figure 6, which

S nbodi nrent of the invention used on freezer.
Ha¥%m§E%§%odlnent the microprocessor nmay rel&T{P&2043/024574

signal froma timer 300. \hen m cr opr ocessor 60

I e WheheSdeick biMie kél&ﬁlmvgﬁ@cm i tﬂs%dttd ﬁuc%q;gtabfegﬁ% 1, a container is
m Croprocessor 60 sends a si 0 sol enol V\El aI}]

plaged upgrspeaththe Guppeigior {rollegatatey e@g offit-eHesi enipiet iseishey made of
a ndioéon&ﬁﬁnauhg Hﬁ&%aﬁﬁtzl\(% Z&’t oft hﬁﬂtﬁﬁon @h ggx"fg%xp X[@ao%l?cr

val ve 70 opens, hot gas rom
SYnBstHPARBEE, stainléss stgel) glossragd thedike beis cbtmd e:tcoated @iti4ucifa material. A

pres-g?ft\léf ﬁ%fe%@ hfatekit f'al' ré%‘%ﬁ Qeﬁ%ﬁ &Qtoéonje 119 g+nqact wﬁﬂ%ep is%an enamel

contai ni Nng_sonme coo
matenigl kaewn asfiPA Grey . HEhs chetainer m@aﬁemyd be lpheed urrder th8@@aporator or it

mayslbegcf@cﬁaﬂlyhﬁttéﬂ t6 ﬂ%qg\?ér?%ﬁ l#ﬂnese'vgﬂbﬁ:!t?ﬁg c%mgget Ppggtable unit.

whi ch then deactiv
In agdjtipn, the qosiainer may he Stterewmithes fritted glasegns drsacrsms ekefnehmlnch is
i eci
o S PEN e RSP0 R LU KU KBy T Yot
wateyto fupibit the gIRRtIpQUTicropanisn4 ABHBEARINRET piiB2 00 Gk @M?A device of
this SRR EVGEEF B BRedtoR o Fitatld w% %‘/a’]rﬁ%lhinﬁ}]lagb%s r%gore filters such

based on the circunstances un
as 2 53dpRPloRk adimegtoge okmsedinerat filker to fthrécr 2850 dlerpetabél,ty ofrtbe collected
watdp Croprocessor 60 may receive signals fromnore t han

one signal source. For exanple, Figure 6 ‘also

includes a tenperature sensor or tenperature sensing

Megmgs, hHid8 qPﬂ@mhtE@thQ@ﬁ)@ freQdnt R{vexitﬁﬁ ?@%&Qsldgacmq&emod for

320, in addltlon to the tinmer alread I scussed
preventing iging of deisurRoRAsiNe surfage pf angyaposaprdnringoperation of a refrigeration

cycleEARRugh b@’r&rﬁ&ﬁlﬁﬁfm&lsoan@ rexﬁdikﬁesJ lﬁﬁe beMqtueGd thdes%%gl the present
rat her than both may be incl . The sign causl R

invenfign, doHillbs RpRatens trothess sisidledt v»eth@art bared h@thegiasglowpahegemﬂ;at
chak}®s & thé &h@d@ﬁm&dﬁ@ﬂxdteﬁﬁnﬁlbgﬂﬁ{m%tbe%9§ %ﬁth&n%e%as g froltﬁ

controller 200 de-activate the hot gas

scope) this aensigng Pé‘ter graadinenis arp I‘Véthéﬁh%fqiiawmalm& gnal
source causing activation of hot gas Signal source
causi ng de-activation of hot bypass. gas bypass. Tine
Time Tenperature Tenperature |ce detection Ice
detection Tinme Ice detection Tenperature Tine |ce
detection Tenperature
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Time Tenperature Tenperature Ice detection Ice -5 MAR 2007
detection Tine As can be seen fromthe table, in
enbodi ments of the invention including nore than one
signal source, each signal source may be responsible
fg%dgﬁﬁ§jng the controller to act. For exanple,
e nent of the invention may include the use of a
signal fromone or nore of a timer neans, a
tenpera ¢ sensing neans, and a ice detection neans
rA‘e‘r“éi“i?eﬁo‘BWSt“Ffe control l er, causing the
controller to activate the hot gas bypass. And, then
use a signal fromone or nore of atinmer, a
a compesge camprieing @nsilpigandearesifletand/ or an i ce det ection
‘means to be received by the controller, causing the
controller to deactivate the hot gas bypass. In sone
a con®ABQIEdBHsSng A1t hBdak oSt WikereilBlye &ﬁdéﬁ%@ﬁi@h@b&ratwely coupled
only for causing the controller to activate the hot
mthe@yﬁﬁégﬂ#E§W§“ﬂﬁﬁﬁ anot her signal source is
responsi ble only for causing the controller to
deacti vate the hot gas bypass nmean. |n other
a meteimgadéeanmsndosyprisheg @i iglkabhndavoies wiryeib ¢helinked of the nedtérivgrmeans is
urpose 3 5 MA 9&@% 2004/ 013548
°Pera pibuetlet Can Y 'ce of the present
invention is used to produce potable water,. a
container is placed underneath the evaporator to
an evapotdterc tomprisng &1 mhitnan @ftfet ind amfhapershivasuréce, whein ey evaporator

. .made naterlm
ket if PisFeiliehs oubRar b K SYleC B8 i e 306 B o B Paporator i
operatP@ly BRipted 1B1thé 1hl@ 9$ itcdfIpresgdrass and the like or is

lined or coated with such a material. A presently

preferred material for coating all elements that cone

r ..

a hot %a%b?%ﬁgs%?é ﬁ"ectoglg‘rqf?al r?grlﬁlﬁggn glﬂﬁ'éfein X %glit:lg aﬁ&‘g\@frbsi@(ﬁ%osmon,
whereavt’hp dloagamrbytpas& meanﬁrmleth oplﬂata\ceﬂbamlgple‘di tb tledoutlet ofthe compressor and

the hob 8%%%&5}%115 ou lFtnlS 88%\[:{? g(t) oreéit t8 6& Ferli gf &%@g&amr or to an inlet

of a nfahifbl@dwhbdeth:a fritted glass gas di spersing el enent
which is connected to an electrostatic ozone

generator so that ozone can be bubbl ed t hrough the
cqll .
mﬁlcerlg%{rlg)g% cd] r%’es glq rlTII{aIIQtn ll%%ﬁty IWEIQts %acltl ﬂutlet btemg op&ratlvely
demiplﬁi tofa diffhteﬁt 0rrEV(Efnltplmna11t}&EfanEt3rat tlif&rcﬁm lldcatibnsoon the evaporative
pot abl e water also may include one or nore filters
sﬁH%‘ ®as a carbon bl ock, a |inestone of a sedinent
filter to further assure the potability of the
collected water. Thus, it will be appreciated that
the hot ges tpfp@svemcansrﬂs@rhelmmrabwldwualedl éva centepdldr;met hod f or
preventing icing of the evaporative surface of an
‘evaporator during operation of a refrigeration cycle.
one orhbiRaHEdhs F6 deddcling HRAMIARGH 5 28 foratR b Shd WipoaRPsurface, each
used to describe the present invention, it wll"be
meaHSatmra& enrrativsly erypleddrithe e@pomtivhairfaee wﬂaa@erulf diere fsgmore than one,

each 196 ex a%?&lﬁ&ﬁ?k}?l#ﬁ%h logﬁﬁg%%sch e pal%?;%c%g‘%dsto the

contrdllhe

a controller operatively coupled to each means for detecting the formation of ice on the

evaporative surface and to the hot gas by-pass means; and,
25



scope of this invention. Qther enbodinments are within -5 MAR 2007

the following clains. 24 - 5 MAR 2007 CLAIMS: 1. A

devi ce, conprising: a conpressor conprising an inlet

and an outlet; a condenser, conprising an inlet and an

outlet, wherein the condenser inlet is operatively

coupled to the outlet of the conpressor; a netering
a refrig@rantthacareplaits fivgn de donlpe¢ssantd tbfncd)idteﬂlset to thl @fetdringtrhens to the

inlet of the nmetering neans is ratively coupled to
evapopaier Bidthagk tothe CRRIPESSPRTEM 8 &5 eSS S at or . conpri sing

an inlet, an outlet and an evaporat|ve surface,

wherein the evaporator inlet is operatively coupled

t @ t he Thadeate of clainel nheein tige mreansdoadadedting thaufokmatiaf of ice on the

or at or erativyely coupled to the inlet of

evqx?%%@éﬂ I %@%?meé)Wb(”dﬂ§e&V %Ss nmeans, conprising an

inlet, an outlet, an open position and a cl osed

position, wherein t he hot gas bypass neans inlet is

oper at iThedgviepohtlaim t.ovharen dha meansder datectias s swation of ice on the
evapofllile s IRSPYRAS AR ANS: ULdGE 15 operatively

coupl'é 0 e Inlet of e evaporator or to an inlet

of a manifold, wherein: the manifold conprises an

inlet and a Iurallt of outlets, each outlet being
ofer at ilhe risvw% aﬁﬁP@aY,t%heaGIBﬁhq RS %qiféefémgéhf-‘pﬁoe%qqu gf ice on the

evapof‘gtlv'e RLFE& RmpisEE o hoearbqasp &Qtu?@&nﬁﬁ%?&raﬂg ¢difpled to one or
surface; the hot gas bypass neans al so
more WPES- hlad\t@hger@tunqcﬂeadtwe;)SIw -pseehbly(ieg of tlwntbvme nore neans
for detecting the initiation of ice formation on the
evaporative surface, each neans being operatively
caupl edht detibe oM iclaems Ur f, 8ck Mb@hSiding bnd brahéreiscond
nore than one, each is operatlvely coupled to a
tempegatpreseBrpg meant jounled o theevanapibyeaturipes, stherear & thers ds mere than one,
each it Q&ﬂ)l&f){&td’ &ﬂeﬁa‘ht loRaft b @k le% o?ﬁWe%hffX ?nd:ﬁutm: g&ht{glﬂ)ler.
nmeans for detecting the forna tion of 1ce
evaporatlve surface and to the hot gas by-pass neans;
and, 25 - 007 refrigerant. that circu es )
F Pom ¢ He daviEs BedBi hoThdrEn CPRERBA $8eatinE SbognRRy of ice on the
evapopﬁﬁ'@%uifﬁ’cetdbﬁq rRYSOR Gridre AEH Rapkratie E&ﬁuﬁg‘ﬁ%@%&@}ﬂed td the
a refrlgeratlon cycle., 2. The device of claim]1,
evapoyieeshiageuhereiani thase isquers dhanmyet ¢ashiveawpidddn ashifferert location on
orative surface conprise(s) one or nore
thea@@%é?@?mgﬁéghe device of claim1l, wherein the neans
for detecting the formation of ice on the

7. The device of claim 1, wherein the metering means comprises a thermostatic

expansion valve.

8. The device of claim 6, wherein the metering means comprises a thermostatic

expansion valve.

9. The device of claim 8, wherein the thermostatic expansion valve comprises a

temperature-sensing assembly.

10. The device of claim 9, wherein the temperature-sensing assembly comprises:
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evaporative surface conprise(s) one or nore frost -5 MAR 2007
detectors. 4. The device of claim1l, wherein the neans

for detecting the fornmation of ice on the evaporative

surface conprise(s) one or nore first tenperature

S

¢ ZSA1E ERER S aP] SRk RO her R IR B bR P member

5. The device of any one of clains 1, 2, 3 or 4,

conpri sing.one ar npore, second ture sensing

B B o856 Aot HEEng & PO R e B v e RERBFY i ¢
there is nore than one, each is coupled to a
different |ocation on the evaporative surface, and to
t iheccoph innsk prace cacunmysaibadhy the ipterapembal, wherein the
nmeans for detecting the formation of ice on the
evaporative surface conprises one or nore third

t et alisposedsRosinige weRmdahiopgied firn chihef the\vape hainbeg, the inlet
surface wherein, if there is nore than one, each is

being ppgiplivedy e@upedfiorthepwiat of BegVaRMaIBR  t he evaporati ve
surface. 7. The device of claim1l, wherein the
net eri ng neans conprises a thernostatic expansion
vai vatlet 8ispdied mlexiinaee tof inginditimotgh avbe@oed and dyposite theifrrg end of the

. X P NN S E M R

expansi on val ve conprises a tenperature-sensing
assenbly. 10. The device of claim9, wherein the
t eh@@e igpoeedsiaribe figt spasennd gxtenshing fremeproxipgtestoNgRfizoe of the
ubl e-wal | nner menber
outer mﬁlal%er Yo gr?mmaﬁedto‘iﬁé‘ée%bxﬂ‘féndc&mé g@g&ge@g%%e o bet ooor
the i nner nmenber and the outer nenber; a second i nner
space circunscribed by the inner nenber an inle
df Wuﬁrsssﬁlﬁewbtdemﬁqﬁi 18 ARE MRFREEE ﬁlertﬁmgﬁraeﬁomﬁmg bulb
being Bb@ramlﬁ EouPttRIthe tHRAnbMtRLex Phelagva@&eeaaa i vely coupl ed
to the outlet of the evaporato an outl et di sposed
prOX|nate to, in and through a second end opposite the
st 8 d of t 0 tI S
opér ati ce 0(1:1 8@3 S8 glysﬁ)ggetdhe i ?r Sg% € t@%mgf!égshg%ognda? cing m
contaddafiftl the dufspﬁﬁ:ﬁd)er ind the témpesdtuigpeagngbalbext endi ng from
proximate to the first end of the outer nmenber to
proxi mate to the second end of the outer nenber; a
efper ahileiseordlith Pubikrdh #RARR L B!Ek‘é nhAELorpAR
tﬁgptenperafure sens?ng bu P egﬁd&o eraf%ge S Suvalve.
coupled to the thernostatlc expan3|on val ve; and a

g ke L SRR e Bk BRCL B

nenber and the tenperature sensing bulb. 11. The

device of claim 1, wherein the hot %as by- pass neans
cbipr i $bedevigapidaim any one of claims 1, 2, 3, 4 or 6, wherein each temperature-

sensing means independently comprises a thermocouple or a thermistor.
14. The device of claim 1, wherein the controller comprises a microprocessor.

15. A method for performing a refrigeration cycle without ice build-up on the

evaporative surface, comprising:

providing a compressor comprising an inlet and an outlet;
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12. The device of claim1l, wherein the val ve -5 MAR 2007

conprises a solenoid. 13. The device of claimany one

of clainms 1, 2, 3, 4 or 6, wherein each tenperature-

sensi ng neans i ndependently conprises a thernocouple

or a thermstor. 14. The device of claim1, wherein

the controller conprises a mcroprocessor. 15. A
providitg foshdeaser peinfipnisiigdn ialet edd argeutkt,iviiereiy thescontdédzertinlet is

iice build-up on the_ _evaporative surface, conprising:
operatiyehy, PP 18 thomplet 85 CEBREFSFYi ng an inlet and an

outlet; 27 5 MAR 2007 providing a condenser,

conprising an inlet and an outlet, wherein the
providingaleresarimgi méaas, dosnpuismgani inket gndcanupitlet] wherdin thegolket ef the metering

of the .conpressor;..proyidi a netering neans,
nmam%@ﬁﬁ??EV%ﬁngﬁﬁﬂﬁg?ggﬁttﬁﬁ“%d?P@%FQQherein the inl et

of the netering nmeans is operatively coupled to the

~outlet of the condenser; providing an evaporator -
providingri PYAPAEHAINCOIAPRSING AhiNt Anequtighandsan eangyetivg suskace, wherein the
evapoRh s, JOF LS oltEiea §Y ARLALRY thenEloch 2 nRRRY Bid hEbtie of the
evapofatdi i€ bperhitivélg cowplaprortad iletios theprenmirésged; y coupl ed to

the inlet of the conpressor; providing a hot gas

bypass neans, conprising an inlet, an outlet, an open
PO D R S R o Pt MR Gon P67 nd a losed
positiany whetein thethod gachypassemsans islatis oherativtly geuplés/iodbs owtiea of the

outlet . i.s.operatively coupl.ed to the.inlet of the
compi@ign ap R EAyPAS B R s SRerhivesy fPublgh dheiiq pgine
evapof@&Y drab dn &8I TIaSAsi M, iwHepdinand a plural ity of

outlets, each outlet being operatively coupled to a

different one of a plurality of inlets at different

I ' - [ otal :

D B B s OtctBRime operatively

coonpled foer diffpreavont ofp Wmelitr ofiivlets atdifeserft docatienseat thagvaporative

ice formation on the evaporative surface, each such

n@ﬁ#?ebeing operatively coupled to the evaporative

surface wherein, if there is nore than one neans,

each is coupled to a different [ ocation on the
the hog gaglapasy Means ploeans apsetivelyiaeaprked i # eenteller; provi di ng

one or nore tenperature sensing neans coupled to the

evaporative surface and operatively coupled to the
providingbnobdl more means ifah detecting artfomhdtion onphe etapurtiye sutielepehch such

to.each neans for detecting the formation of ice on
means PRIn ORGSR Y GRUPLSEH 1P 4RceeVapRFaliye Fir asrydFem, ethere s mge than one

means']MgnghziS gnglE@tJ D& AR ARG orPRE SviRRAR e suffch, akPto the controller;

providing one or more temperature sensing means coupled to the evaporative surface and

operatively coupled to the controller;
providing a controller operatively coupled to each means for detecting the formation of ice on

the evaporative surface, to each temperature sensing means and to the hot gas by-pass means;

and,
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providing a refrigerant that circulates fromthe =3 MAR 2007
conpressor to the condenser to the netering neans to
t he evaporator and back to the conpressor in a
refrigeration cycle; wherein: when the neans for
provicﬂﬁ% Q?éﬂ('ig%ahtctﬁﬁtf&lrcﬂﬁkés G thelcBRpPasaRab %é ARdSHEE R%Be metering
et ect such 1ce fornmation, P signal 1s sent to the
meangiorihe evdperatartindtbacintat the porsprestr @na oppegerstignaicle; ovheteen:
hot gas bypass neans, the hot gas bypass neans
remai ni ng open until the controller receives a signa
f (vileh HHREME RIS Rltdbiifg SRTo A& oMM e b¥ipbrative BRTNR ®tect(s) such ice
pre-set value, at which tine the controller sends a
c Farmation.gneignal is senitorbe cepieollywhish inriam gends @n operesignal to the hot
[
R e Et B oy et bSishulald AR oBln A I LoMoter receives
C aR{phbbR¢A )thorRMmperaturd sensioéss tHaI’ is aboee mptdmaﬂ value, at which time

claim15, wherein the for detecting the
t derponirgliersendscaclase Slgfg’gtoe &p 8?%5%%3%&1?%%

conprise(s) one or nore frost detectors. 18. The
met hod of claim 15, wherein the neans for detecting
t ﬂlé f o ira metirododf clam 10n wheteen the apanafar detestimg the dormation of ice on
%é%% one or re flrst t enper at ure sensing
the eV %ﬁm?8n§% Ong T SR k- | oad t enper at ur e
senS|t|ve sub-assenbl y(ies) of the device. 19. The

met hod of claim 15, wherein each tenperature sensing

mbans domprathaskofelaimhlsy whersipihe msans for Heteqiirg e forpmition of ice on
t ering nmeans
the evI;())ora{fRat !h?gcg %I%l;n%eg%) ]0?13 omg)geegﬁsst Idg%c Vaﬁt 51 The
thod of cIa|n115 mhereln the hot gas by pass neans

conprls S a val ve. t hod of claim 2], . .

wher ei E%F Hethod qfél%@nlép iWLé%e‘ mf'g&vf-‘é%focﬂ de@sﬂngﬁ}?s formatigg of ice on
the ev@porati®d Sirfaee c&'ﬁﬁﬁ@ﬁé} dnBer fh%?é ﬁl%t teRipefd@ife sériffy Means coupled to one

m Cr opr ocessor A method for performng a
or moreYprkglond tanaperatyxs sensiilyehantasparebliplies) @f the dswicehe

evaporative surface, conprising: 29 - 5 MAR 2007

provi di ng a conpressor conprising an inlet and an

oup] et Thphethdd JTRIAMCIE) ddBRET cach AP dratuRGsensing flediis @htbrises a

an outlet, wherein the condenser inlet is operatively
thermeeRppleQf 3 Yempigtopyt | et of t he conpressor; providing a

net eri ng neans, conprising an inlet and an outl et,

wherein the inlet of the netering neans is

opér at iThe metlowlgfl cdaimt 16, therenuthk eteteringt heans onuoiprisasra; thermostatic

provi di ng an evaporator, conprising an inlet, an
eXpmﬁﬁ?P@‘@and an evaporative surface, wherein t he

evaporator inlet is operatively coupled to the outl et

of the nmetering neans and the outlet of the .

evapor dhematkodgfedaimi Me Wheteguihie &gt gas byrpass means eomprises a valve.

conpressor; providing a hot gas bypass neans,

conprising an inlet, an outlet, an open position and a

cResed The method of claim 21, wherein the valve comprises a solenoid.

23. The method of claim 15, wherein the controller comprises a microprocessor.

24. A method for performing a refrigeration cycle without ice build-up on the

evaporative surface, comprising:
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position, wherein the hot gas bypass neans inlet is - 5 MAR 2007
operatively coupled to the outlet of the conpressor
and the hot gas bypass neans outlet is operatively
coupled to the inlet of the evaporator or to an inlet
. ' Lo I fial d conprises an
pmw“?%%gfggﬁﬁgghgPﬁ*gﬁﬁggﬁgp&gﬁgﬁgpgﬁagach outl et being
operatively coupled to a different one of a plurality
.of inlefs at different. |ocations on the evaporative .
prov1d§1&g g5 ’enfq{ecqmnsbr%awl%g%& %%W?t,éylgeéelg ndenser inlet is
operatPREY B8upY& 1% tROYRIRAf IR BmpRREdr0! | er; providing one or
nore tenperature sensing neans coupled to the
evaporative surface, wherein if there is nore than

proviE PR ol et B ] KT Sl S aF Rl e meering
meaniR@padativell Yossledlottle batl@ € theldam&sat, ur e sensi ng neans

and to the controller; wherein: each

t enper at ur e- sensi ng neans neasures a tenperature at

povidh L BERLLRD, e VAR A B PSSR 8PS i
evapocapmt infek iserpevdtiorkyi coppliedl to the@utetgrfahe nsteeihg ateatedrathe outlet of the
_ re-sel ecte firﬁt seé int tenperature, the
evapopatof; is gperativel ¥ feplsthio iy aet of e AoMPEesS¥e hot gas bypass
nmeans, the hot gas bypass neans remai ning open until
the controller receives a signal fromthe
providiegrp botagagbepass magdans, conwnisinglannnles ambutlet, an qpes-poSidios and a closed
poss SRR e L SoF IR BBy EBETEE I oo
compieedor @AG tHe)Hoa g5 passmeats outlétds opdriadet pEoupla totiZdinlet of the
wherei n the neterin? means .conprises a thernostatic
evapoRer4idp 8 inlgl Qf@ mamfoldpghergiihod of clai m 25, wherein
the thernostatic expansion valve further conprises a
t enper at ure-sensi ng assenbly. 27. The nmethod of claim
2 6he mimafodd pomprases enpdetand ragplere hyi af putlsts ezabh putlet being operatively

TR E B ROt ARl R Bl Reglpror e ovaporative

disppsed between the inner nenber and the outer
menber; a second inner space circunscribed by the
i nner nenber; an inlet disposed proximate to, in and

' t i nl et
e M S e R TSRO,
evaporator; an outlet disposed proximte to, in and
.t.hrough a second end opposite the first end of the

Provigiiig 8RC RS TP HAMER IITES FRARAY CHPLHP i NP FPRislF Bface, wherein if
there fsPfork Mloref edcH s CRIFRIIGS 2 Qi fferBntdaddtibh o@tﬁ@&%ﬁﬁrgﬁ?e Eieace;

first space and extending fromproximate to I rst
end of the outer nenber to proximate to the second

provicﬁrrl]é:I a (c)(f)nttroriﬁer 8}l)1et:rg{iverlr}'l3 ggu%rléd to each temperature sensing means and to the

controller; wherein:

-each temperature-sensing means measures a temperature at its location on the evaporative
surface and sends a signal corresponding to that temperature to the controller wherein, if
the signal is at or below a pre-selected first set point temperature, the controller sends an
open signal to the hot gas bypass means, the hot gas bypass means remaining open until

the controller receives a signal from the temperature-sensing means than is above a pre-
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a tenperature sensing bulb disposed in the inner - - % MAR 2007
space, the tenperature sensing bulb being operatively

coupled to the thernostatic expansion valve; and, a

t hermal conpound al so disposed in the inner space, the

:Tg%%ée{?aci %eﬁgﬁ? F]etf ?m?? ature Siact lilebcotngfllérns%nds a close signal to

errper ure sensi ng
the hot gas bypass means.

25. The method of claim 24, wherein the metering means comprises a thermostatic

expansion valve.

26. The method of claim 25, wherein the thermostatic expansion valve further

comprises a temperature-sensing assembly.
27. The method of claim 26, wherein the temperature-sensing assembly comprises:
a double-walled container comprising an inner member and an outer member;
a first space disposed between the inner member and the outer member;
a second inner space circumscribed by the inner member;

an inlet disposed proximate to, in and through a first end of the outer member, the inlet

being operatively coupled to the outlet of the evaporator;

an outlet disposed proximate to, in and through a second end opposite the first end of the

outer member, the outlet being operatively coupled to the inlet of the compressor;

a baffle disposed in the first space and extending from proximate to the first end of the

outer member to proximate to the second end of the outer member;

a temperature sensing bulb disposed in the inner space, the temperature sensing bulb

being operatively coupled to the thermostatic expansion valve; and,

a thermal compound also disposed in the inner space, the thermal compound being in

contact with the inner member and the temperature-sensing bulb.
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